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Figure D.4-1, Location of transects used for water quality and biological : .
sampling in the vicinity of R.P, Smith power station during ! |
August 1977 and .June 1978, !
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APPENDIX D.5. NEARFIELD FINFISH ABUNDANCE -
SUMMER 1979 AND WINTER 1980

(TI)

Objective

To determine the spatial distribution and abun-
dances of finfish in the vicinity of R.P. Smith Steam
Electric Station during the summer of 1979 and winter
of 1980.

Data Source

Ref. 2.

Study History

Finfish sampling occurred in two seasonal periods;
summer, July 25 to August 8, 1979, and winter, January
15 to 28, 1980.

Sampling Methods

) Eight sampling transects (Fig. 1) were estab-
lished in the study area; three within the plume .
generated by the R.P. Smith power station [dis-
charge (T3), intermediate plume (T4), and far-
field plume (T5)] and five outside the plume
[two upstream (Tl and T2) and three downstream
{Te, T7, and T8)]. Two sampling stations were
established on opposite sides of the river at
each transect for comparative purposes. The
Maryland side of the Potomac River is considered
the right (R) shore or bank; the West Virginia
side, the left (L} shore or bank.

[ Finfish were sampled on 3 nonconsecutive days
during the summer of 1979 between July 25 -
August 8 and on 6 nonconsecutive days during the
winter of 1980 between January 15 - 28.

. Transects 1 through 5 and 8 were sampled during
the summer of 1979 and Transects 1 through 7,
during the winter of 1980.

o buring both sampling periods, finfish were col-

lected with a pulse dc, boat-mounted electrofish-
ing unit.
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Electrofishing was conducted along both shores :
of each transect in a downstream direction along
a 300-foot run (one unit of effort).

Beach seine collections were also made along both
shores at each transect., All samples were col-
lected with a 25 x 6 ft, 1/8-in. bar mesh bag
seine in areas free from underwater obstructions.
At each station, seining consisted of one onshore
haul; each haul was considered as one unit of
effort.

At each sampling location, temperature (0C), dis-
solved oxygen concentration (milligrams per

liter), and stream flow (meters per second) were
recorded.

Several species of fish were selected as target
species (smallmouth bass, golden redhorse, red-
breast sunfish, spotfin shiner, channel catfish,
and carp) because of their abundance and/or
importance as a resource.

Specimens of target species were fin-~clipped
differentially (right or left pelvic fin), depen-
ding on capture location (right or left bank,

facing upstream), and on the anterior portion of
the dorsal fin.

Analysis

All fishes were identified and the number of each
species in the catch determined. all target
species individuals were measured for total

length (millimeters) and weighed to the nearest
gram up to a total of 25 individuals per species
per catch. Obvious instances of parasitism/disease
such as lesions, necrotic areas, attached para-
sites, deformation, or evidence of gas-bubble
disease were noted and recorded.

The catch-per-unit-effort (number of individuals
per 300 feet of shoreline) and standard error were
calculated for each station, along with the mean

catch-per-unit-effort and standard error for each
transect.

Seine catch data were not considered quantitative
for this study, since in uneven hardrock/rubble
substrate environments, escapement under the net
occurs at a wvariable and unguantifiable rate.
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Comparison of finfish communities along each

shore and within transects (cross-stream compari-
son of stations) were investigated using Kendall's
coefficient of concordance (W).

Due to large numbers of tie rankings of Kendall's
coefficient of concordance, W was adjusted using
the following test statistic:

X2 = m (n=-1) W

where:
m = number of banks
n = number of species
W = Kendall's W,

The test_statistic is approximately distributed
as a chi? distribution with n-1 degrees of
freedom.

The only community comparisons made used the
winter electrofishing data at Transects 3
through 5.

CCNAOQV (cross-classified nested analysis of
variance) was used to determine the significance
of effects on finfish abundance within season
using the following equation:

Y-ijk = U + Dj +Xj + (XD)ij + Y +

+ (YD) ik + (XY)jk + Eijk

where:

i=1,..., N denoting the number of N=3 summer
sampling days N=6 winter

3 =1,..., M denoting the number of M=6 summer
transects M=7 winter

k=1, 2 denoting the left or
right bank

Y represents log (CPUE+l) of the xt
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Dj represents the effect due to :

sampling on the ith gay _ |
Xj represents the effect of the jth day
(XD)j+ represents the effect of the

it day at transect j

¥y represents the effect of the xth
position in the river

(YD) ix represents the effect of the
ith day at position k

(XY )ik reﬁresents the joint effect of the
j*0 transect and the kth position
above and beyond the effect of each
separately

Eijk represents the experimental error

assumed to be normally and indepen-
dently distributed with a mean of
zero and a variance of 02,

Species-specific analyses were performed on five
dominant species collected in summer and five
dominant species collected in winter.

For those species where data were too sparse to
be analyzed with the CCNAOV_model (i.e., carp
and smallmouth bass), a Chi? test was used to
test for the independence of transect from bank.

Results

Temperatures observed during the electrofishing
excursion in summer and winter are shown in Tables
D.5~1 and D.5-2, respectively.

A total of 26 taxa were collected by electrofishing
during summer (Table D.5-3). Golden redhorse (46%),"
rock bass (6%), spottail shiner (6%), and spotfin
shiner (6%) were the dominant species collected
comprising about 64% of the average total electro-
fishing catch (14.72 fish per 300 feet of shore line).

Significant differences in the total fish catch
during summer due to day, bank, day-bank inter-
actions, and transec*+-bank interactions were
detected using the CCNAOV model (Table D.5-4),
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Catches at the outfall transect (Transect 3) were
significantly higher than those at Transect 2
(upstream control)(Table D.5-5}. Differences
between these transects appear to be the result of
significantly higher catches at station 3R (heated)
than 2L unheated (Table D.5-5).

Beach seining collected 22 taxa of mostly small fish
species during the summer sampling period (Table
D.5-6). Catches were dominated by spotfin shiner,
spottail shiner, fallfish, and unidentified
cyprinids (young-of-the-year) that collectively
comprised approximately 83% of the average total
beach seine catch.

Cross=river community structure comparisons at
each transect within the thermal plume area
(i.e., Transects 3 through 5) during the winter
using Kendall's coefficient of concordance (W)
indicated similar communities at Transect 5 only
(Table D.5-7). The primary differences between
the stations at Transects 3 ‘and 4 were lower
catches along the West Virginia shore (unheated).
No similar comparisons were made for the summer
period due to the high incidence of zero catches,.

During winter, a total of 23 fish taxa were collected
by electrofishing (Table D.5-8). Golden redhorse
(63%), carp (8%), and smallmouth bass (5%) comprised
about 76% of the average total electrofishing catch
(5.56 fish/sample).

Using the CCNAOV model and Duncan's Multiple Range
test, most fish {total fish catch) in the R.P. Smith
plant vicinity were found along the Maryland shore
at Transects 3 and 4 in winter (Tables .D.5-9 and
D.5-10}.

During winter a total of 12 taxa were captured by
beach seine. These species were captured in low
abundance at most sampling locations (Table D.5-11}.
Spotfin shiner, bluntnose minnow, and comely shiner
were the most abundant species ccollected.

Mark-recapture studies during summer and winter
indicated that the movements of the golden redhorse
and smallmouth bass were restricted to the location
of initial capture. During summer, three golden
redhorse were collected, marked, and recaptured
along the West Virginia shore and three along the
Maryland shore. Of the 143 golden redhorse marked
during winter, all 6 recaptures were taken along
the shore of initial capture. For the smallmouth
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bass, one fish was marked and recaptured along the
right bank during summer and another during winter,
The other five target species (spotfin shiner,
redbreast sunfish, channel catfish, carp, and short-'
head redhorse) were either not marked or marked

fish were not recaptured.

No evidence of disease, parasites, or malformations
was found on any of the redbreast sunfish, spotfin
shiner, carp, or shorthead redhorse examined during
the two study periods. Disease/parasitism was not
obvious in the golden redhorse or smallmouth bass
during the summer, but was found in winter for both
species. During winter, six golden redhorse were
collected that were either malformed by scoliosis
(n=2), parasitized (n=3), or diseased (n=4). All
but one of these fish were collected along the
Maryland shore, two each at Transects 3 and 4,

and one at Transect 5. The other was collected
along the West Virginia shore at Transect 7.
Parasites (leeches) were found on one smallmouth
bass collected during the winter at Transect 4
along the Maryland shore. During summer, four
channel catfish were parasitized by leeches.

During winter, a single channel catfish collected
at the outfall station was parasitized by leeches
and had open lesions possibly resulting from a
bacterial infection.

Golden redhorse was the dominant fish collected by
electrofishing during summer and winter and repre-
sented over 48% of the total average catch during
each season. Significant differences (p < 0.05)
in catches of golden redhorse during the summer
were due to date of capture and transect (Table
D.5-12). ©No differences resulted from transect

or bank effects as determined by Duncan's Multiple
Range Test (Table D.5-13).

During winter, golden redhorse were significantly
more abundant at the outfall station {Maryland shore,
Transect 3) and the station along the Maryland shore
at Transect 4 than at other sampling locations
(Tables D.5-14 and D.5-=15).

Spotfin shirer was the most abundant species col-
lected by beach seine during both summer and winter
and represented about 3 - 6% of the total average
electrofishing catch. Beach seine catches during
summer and winter were usually higher along the .
Maryland shcre within the thermally affected area :
{Transect 3 - summer, Transects 3 and 4 - winter)
than along the opposite shore. During summer,
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higher catches of spotfin shiner were collected at
the thermally affected stations (i.e., Maryland
shore, Transects 3 and 4) by electrofishing, but
none were collected at these two locations during
winter.

Smallmouth bass constituted about 4 and 6% respec-
tively of the summer and winter electrofishing
catch. Although catches were low, smallmouth bass
were collected during both summer and winter by
beach seine. Electrofishing catches during summer
were variable and showed no evident spatial pattern
of abundance. Catches during winter were higher

at thermally influenced stations than at other
sampling locations but this difference could not be
statistically tested with the CCNAOV model since
there was a large number of no-catches. ChiZ2
analysis did not provide any additional informa-
tion (i.e., low cell counts made analysis unreli-
able}.

Redbreast sunfish were collected only by electro-
fishing and constituted 4% of the total average
catch during summer and winter. No definite

spatial abundance pattern was evident from summer
and winter results but this species appeared to

be more abundant in the thermal plume during winter.
Chi? analyses did not provide any additional infor-
mation (i.e., low cell counts made analysis un-
reliable).

Channel catfish were most abundant during the
sumrer sampling period when they constituted 5% of
the total average electrofishing catch. Data were
too sparse to test statistically.

Carp were more abundant during winter than summer,
constituting 8 and 3% of the total electrofishing
catch, respectively. Carp were distributed over
most of the study area during summer but were
collected during winter only at the two stations
most influenced by the thermal discharge.

Shorthead redhorse were collected only during winter
by electrofishing and these were most abundant in
the areas most influenced by the thermal plume.
Shorthead redhorse abundance was too sparse to be
tested statistically.
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B.5-7 Significance and Critique of Findings

Due to an unannounced shutdown, plant load during
the summer season was at less than 30% capacity.
Thermal discharge was limited primarily to the
area of the outfall (3R) and/or the nearest
station downstream (4R). The largest number of
fish taxa (.8 of 26 taxa) were collected at the
outfall (3R) as were the largest catches. The
only station that had a significantly lower
catch than station 3R (Transect 3, Maryland
shore) was station 2L {Transect 2, West Virginia
shorej).

The summer data (1979) are inconclusive in demon-
strating an effect of power plant operations on
finfish abundance and/or vitality. The observed
differences between stations (total catch,
disease, or parasitism) could be attributed to
natural habitat differences.

Golden redhorse, smallmouth bass, carp, redbreast
sunfish, and shorthead redhorse are attracted to
the warmer plume areas during the winter. The
largest AT's during winter were recorded at the
plant outfall and downstream along the Maryland
shore at Transect 4. Catches were significantly
higher at these stations during winter than at
all other stations sampled during this period.
Across=-river community comparisons at each tran-
sect within the thermally influenced portion of
the study area (Transects 3 and 4} indicate
dissimilar communities.

The limited mark-recapture survey indicated no
finfish migration across the river.

During winter, the golden redhorse, the dominant
species colliected in the R.P. Smith study area
during summer and winter 1979-80, was significant-
ly more abundant at Transects 3 and 4 (heated)
than other sampling locations. There was also a
higher incidence of disease/parasitism for golden
redhorse found inside the thermal plume area

than those found outside. These differences may
have been due to thermal discharge. However, the
number of samples is too little to demonstrate
this relationship conclusively.
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Table D.5-3.

Mean catch per unit effort for fishes collected by electro-
fishing in the vicinity of R.P. Smith power station during
July-August 1979 (from Ref. 2).

HAME ¥1_L  XI_R  X2_L X2R X3_L O X3IR Xe L NeR X5L X5R xeL XeR
AHERICAM EEL 0.33 . . . . . . . 0.33 . . .
GOLDFISH . . . . . . . 0.67 . . . .
canp 0.33 0.3% 0.33  0.33 0.67 0.7 0.33 1.33 0.33 . 1.00  0.33
RIVER CHUB . . . 1.67 . 1.00 . . . . .
GOLDEH SHINER . . A . . . . 0.33 . . . .
SPOTTAIL SHINER . . . 1.00 . 8.67 . . ¢.33 . . 0.33
SrOTFIN SHINLCR . . . . . 1.33 1.67 3.00 1.00 - 1.00 1.67
BLUNTIOSE MINNOW . . - . . 2.67 . . . . . .
FALLFISH - . 3.00 . . . 9.67 . . . -
CYPRINIDAE -HIHNHOWS AND CARPS{LPI - B . . . . . - . .33 . .
HHITE SUCKER . - . . . . . . - 9.33 . .
HORTHERIE HOGSUCKER ©.33 1.33 . 0.33 1.33 . . . - . .
GOLDEN RECIIORSE 8.00 4.67 0.33  3.00 8.47 23.67 5.00 4,33 12.33  &.67 .67 2.3}
WITTE CATFIGH - . . 9.33 - . - . . . .
YELLOW BULLHEAD . . . 0.33 0.33 . 0.3} 0.33 . . . a.33
CHANHEL CATFISH 0.67  1.00 . 0.67 0.33 1.7 . . 2.67 . 0.67  0.67
ROCK BASS . 4.33 0.33 2.00 0.33 . . 1.00  0.67 0.7 1.33 0.3}
RCDBREAST SWHIFISH . 133 . 1.33 0.47 . 0.33 .33 . . 2,33 0.67
GREEN SUNFISH . . 0,33 . . 9.33 . 1.33 . 1.00 0.33 1.00
PUIIPKINGEED . . . . 2.3% 0.7 0.33 0.33 . 0.33  0.33  0.67
LEPOMIS SPP {LPILI 0.33 N 9.33 . 1.33 9.33 . 0.67 . 9.33 D.&7 0.67
BLUEGILL . . . . 1.33 . . . . 0.33%  0.33 .
LOHGEAR SUNFISH . . . 0.467 . . . . 0.33 . 0.33 .
LEPOILS SPP (LPIL) . . . . 1.00 . . . . . . 0.87
SHALLIIOUTH BASS . 1.00 . 0.67 . 0.33 . 1.67  1.00  0.33  0.67  0.67
CENTRARCIIDAE -SUNFISHES (LPIL} . . 0.33 . . . . . . . . .
YELLOM PERCH . . . 6.33 . . . . . . . .
TOTAL 10.00 16.00 2.00 13.67 20.33 40.33 9.00 16.00 19.00 10.33 11.47 10.33
NAHE GC SITEMEAN  REL_ABUN
ANERICAH EEL 4«0 0.06 0.4
GOLDF ISH 40 6.06 0.4
CARP 40 0.50 3.4
RIVER CHUD 40 0,22 1.5
GOLDEHN SIINER 40 0.03 0.2
SPOTTAIL SHTHER 40 0.85 5.8
SPOTFIN SHINER 40 0.8l 5.5
BLUMTHOSE HIinioW 40 0.22 1.5
FALLFISI 40 0.31 2.1
CYPRINIDAE-NIHNOWS AND CARPSCLPI 40 0.03 0.2
MIITE SUCKER 40 0.03 0.2
NORTHEPH 11GLSUCKER 40 0.28 1.9
GOLDEN REDMURSE 40 6.01 46,2
HIITE CATFISH 40 0.03 0.2
YELLOW BULLHEAD 40 0.14 0.9
CHANHEL CATFISH 40 0.69 4.7
RUCK BASS %0 0.92 6.2
REDBREAST SUNFISH 40 0.58 4.0
GREEH SUMFISU 40 0.34 2.5
PUHPKINSEED 40 0.42 2.8
LEPGIIS SPP (LPIL) 40 0.39 2.6
BLUEGILL 40 0.17 1.1
LONGEAR SUNFISH 40 0.11 0.8
LEPGIILS SPP (LPIL) 40 ¢.14 0.9
SHALLHOUTH BASS a0 0.53 3.6
CEHTRARCHIDAE-SUNFISHES (LPIL) 40 0.03 0.2
YELLOW PERCH 40 0.03 0.2
40 14.72 100.0
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Table D.5-5.

Duncan's multiple range test for total finfish abundance
by (a) transect, (b) bank, and (c} transect-bank
combinations (from Ref. 2).

(a)

(b)

(c)
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Table D, 5-6.

Mean catch per unit effort for fishes collected by beach
seining during July-August (from Ref. 2).

HAHE X1_L X1_R x2_L X2_ R X3I_L AI_R Xa_L  N4_R  XS_L X5_R
STOHEROLLER 0.3 . oo 1.00 . :
GOLOEN SUINER . . : . 0.53 .
COtNION SHIMER .33 . :.:: : : .
PUGHOSE NINIOW . - . ‘53 2.67 1.33 . . 1.67 2.67
:::g:rr:'xll.&,:;’::cn;n 1630 a.00 ::: 200 5.67 6.67 3.33  1.00  &.00 9.00
BLUHENOSE HIIRION . . 0.33 2.00 1.47 . . . .
FALLFISH z.00 4.00 . . 1.00 2.00 . 0.33 1.3 .
CYFRTHIDAE-HIHNOHS AHD CARPSILPL 0.3} . 9.33 . . . o33 . .
HORTHERH HOGSUCKER . 8 . . . . . . .

HOXDSTONA SPP (LPIL} . . . 0.313 . 1.00 o33
Zgﬁ'éf;&sw IsH . 0.67 . 0.33 . . . . g::;
PUMPKIHSE ED . . . . . . . . 0.87
LEPDHIS SPP (1PIL) . . . . : ) n.33
E:;:gg:rlilswﬂsu 0.3 0.33  0.33 0.33 . . . 0.33 .
SHALLIIOUTH BASS . . . :.;‘; 0.33 :
LARGLIIOUTII BASS . . 1'00 0.33 . .
GREENSIDE DARTER . . . . .
TESSELLATED DARTER . 0.3} 0.67 . s 1.00 o:sr - :
muIELLW peRcH 20033 17.33  19.67  4.33  13.33  17.00  4.47  1.67  9.67  14.67
HAME GC SITEMEAN REL_ABUN
STOHEROLLER 30 2.13 1.1
GOLDEN SHIMER 30 0.10 0.8
COMION SIITHER 30 0.10 0.8
PUGHOSE MINNOW 30 0.03 0.3
SPOTTAIL SHIHER 30 1.77 14.4
SPOTFIH SHINHER 30 6.43 52.4
BLUNTHOSE MINHOW 30 0.40 3.3
FALLFISH 30 1.07 a.7
CYPRINIDAE-MINNOWS AND CARPS(LPI 30 0.97 7.9
MHORTHERH HOGSUCKER 30 0.03 0.3
Mo<QSTOMA SPP (LPIL) 30 0.13 1.1
ROCK BASS 30 0.03 0.3
GREEH SUNFISH 30 0.17 1.4
PUHPKINSEED 30 0.07 0.5
LEPO!IS SPP (LPIL]) 30 0.10 0.8
BLUEGILL 30 0.03 0.3
LOHGEAR SUHFISH 30 0.17 1.4
SHALLMOUTII BASS 30 0.07 0.5
LARGEHOUTH BASS 30 0,03 0.3
GREEHSIDE DARTER 30 0.13 1.1
TESSELLATED DARTER 30 0.27 2.2
YELLOW PERCH 30 0.03 0.3
30 12.27 100,.0
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Table D.5-7. Community comparisons of left and right banks for Transects
3, 4, and 5 for winter electrofishing catch using Kendall's
coefficient of concordance W (from Ref. 2}.

Transect W F DF1 DF2 PROB
3 0.613892 1.58995 13 13 0.207110
4 0.492957 0,97222 14 14 0.520646
5 0.848911 5.61863 5 5 0.040634
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Table D.5-8. Mean catch per unit effort for fishes collected by electro-
fishing inJanuary 1980 (from Ref, 2).

D-77

l HAHE X1_L X1_R XP_L X2 R XIi_L X3_R Xa_L Xa_R X5 L XS5 R N6 L X6 9 X7L x7w
AMERICAH EEL . . . . . . . . . . f . 0.33
GOLDY I5H . . . . . 0.17 . 0.17 . . . . . .
CARP . . 0.17 1.17 . 1.17 . 2.17 . 0.17 0.17 . 0.83 0.13
GOLOEN SHIHER . . . . . . . 0.33 . . . . . .
EMCRALD CHIHER . 0.17 0,83 . 0.17 1.17 . . . . . . . .
SPOTTAIL SHINER . . . . . 0.7 0,17 . . 0.17 . . . . .
BLUNTHOSE MINHOMW . . . 0.17 . 0.17 . . 0.59 . . . . !
SPOTFIN SHINER 0.33  0.17 . 0.33 0.13 . 0.17 . 9.33  0.33 . . . 0.33
FALLFISH . . . . . 0.17 . . . . . .
PEARL DACE . . . 0.17 . 0.17 . 0.17 . 0.17 « . . .
WHITE SUCKER . . . . . . . . . . Q.17 . . .67
LREEK CHUBSUCKER . . . . . . . . . . . 0.17 . .
GOLDEN REDIDRSE 1.17 0.17 0.33 1.83 0.17 14.33 0.3 146,00 0.33 2.67 2.17 -2.17 2.00 5.50
S5HURTHEAD REDIIORSE  0.17 . . . 1.00 . 1.67 . 0.17 . . . 8.17
YELLOY EULLIEAD . - . 0.17 B . . 0.17 . . . . .
BROYMN BULLHEAD . . . 0.17 . . . . . . . . . .
CHAMEL CATFISH . . . 0.17 . 0.}7 . . . . . . .
00K BASS . . . . . 0.50 0,17 0.50 . . . 0.17 . .
REDDI'EAST SUHFISH . . . . . 0.17 . 2.33 . . N 0.17 . 0.467
PUHIPK LHSEED . . . . . 0.17 . 0.17 B . . . . 0.17
SHALLIOUTH BASS . . . 0.17 0.17 0.63 0,33 1.67 . . 0.17 0.33 0.17 0.17
LARCEHOUTII BASS . . . . . 0.17 . 0.17 . . - . . .
TELLOW PERCH . . . . . 0.17 . . . . . N . .
TOTAL 1.67 0.50 1.33 4.33 0.83 20.33 1.33 25.67 e.67 %.17 2.67 3.00 J.o0 4.33
l HAME &C SITEMEAN REL_ABUH
ANZRICAH EEL 40 0.02 0.4
GOLOFISH 40 0.02 8.4
CrRP 40 0,44 7.9
GOLDEN SHIHER 40 0.02 0.4
ENZRALD SIIEHER 40 6.17 3.0
SIOTTAIL SHINER 4u 0.04% 0.6
BLUNTIOSE HINNOM 40 0.06 1.1
SFOTFIN SHINER 490 n.17 3.0
FALLFISH 40 0.01 0.2
PLARL DACE 40 0.05 0.9 ,
WHLTE CUCKER 40 0.06 L.l , '
CRLEX CHUDSUCKER 40 0.01 0.2
GULDEH REDICRSE 40, 1.51 63.2
SN TLF LD PCOHORISE 40 0.23 4.1
YELLG!H GULLHEAD 40 .02 0.4
BROUN CULLHELD 40 Q.01 6.2 H
CHAIEEL CATFISH 40 0.02 0.4
RUGCK BASS 40 o.10 1.7 !
RLDERLAST SUHF ISH 40 0.24 %.3
LY TNISEED 40 0.04 0.6
SUALLEGUIH BASS “0 0.29 5.1
LARLLHOUTH BAS3 L1 0.02 0.4 '
YELLOM $LRCH af 0.01 0.2 ,
40 5.56 100.0
1
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Martin Marietta Environmental Center

Table D.5-10. Duncan's multiple range test for total finfish abundance in
winter by (a) transect, (b) bank, and (c)} combination of
transect and bank (from Ref. 2).

(a) MEANS WITH THE 3AME LETTER ASE 0T SIGNIFICRVTLY DIFFERENT.
ALEHA LEVEL=, 05 [Fai) Mesit, 25017
CRIP LG MEN N X
A LYHIN 12 4
2 Lusn 12 3
: Lemes 12 ?
B Lo7THr 12 3
g aenw2 12 2
0 : | DR BN H
:3 0498575 12 !
(b) NEANS WITH THE GAME LETTER 4FE MQT ZISNIFICANTLY DIFFERENT.
ALPMA LEVEL=, (S [F=5 =), 1873
AROLP ING MEM N i
a LT 42 3
8 07285 2 1
(c) vIiNG WITH TSE 1846 UITTER AE AT SIONITICANTLY [IFTmEC,
NP2 L, te=3) w30, 26732
TS N %
A
A 15WT 4 s .3
R ECI ) T 3 3
3 LT 8 7 3
‘ f', Lme g 2
,, 5 LETHL a 2
£ I E :
£ ¥og
: Dot Lise g 7 !
: ros
DF o3 aRITH b 5 !
: 2T b 3 :
ooz
T e R e S
; ; 618882 S 2 i
: ; NEMTE b —
; 0, 2E4008 3 4 1
: LI g : 2
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Martin Marietta Environmental Center

Table D.5-13. Duncan's multiple range test for golden redhorse abundance
in sumer for (a) transect, (b) bank, and (c) transect-
bank combination.

(a) SES Y4iTH THE SAYE LITTER 4RE V0T SIGIFICANTLY DIFFERENT,
ALPHA LEVEL=. 05 [Fe10 Mo=1,17269
SRR BG HERN N
A M0 b S
a
8 LA 4 2
A
A LT 6 L
4
2 1.7537e7 [} 4
&
2 atde &2
4
A Ny TTOR
(b) MERYS WITH TNE SAME LETTER 2RE NOT SIGNIFICANTLY DIFFERENT,
ALEHY LEVEL=, 05 F=2 #52,0212443
FROUPING NN Y
8 LE0S 13 o
b
8 LATTOIS 18 3
(c) VEMG WITH THE TOME (STTER SAE NOT SIGNIFILANTLY IFFEREWT.
Sk LEVEL=, 05 iF=ly we=0, 51208
CROUPTHG PERN N X
¥
3 290m2 3 s 1
A
B A 2219745 2 3 H
i )
BoA LuME 3 1 t
) 4
B A L9908 3 s 3
i A
B A C 1451942 3 3 3
2 4
B B 1. T8R0T 3 ] !
2 & LIETLN 3 i
g LI
] A < 1.351045 3 1
O
B A C §. 287350 2 2 3
34 ¢
) A L 1055251 ? ] :
B 3 aum 3 2 3
: nInMe 3 z :
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Table D.5-15.

Duncan's multiple range test for

lden redhorse in winter

by (a) transect, (b) bank, and (c) transect-bank combinations

{(from Ref. 2).

(a)

(b)

(c)

MCENS WITA THE SAYE LETTER SR DT SIONIFICANTLY DIFFSFENT,

ALPHA LEVEL=.(5 [F=3 1#53=0, 245353
GROLPING HERN NX
] 1.47¢304 2 4
A
A 1,355744 FER
4
B A L2270 27
]
B s H 02312 .
a L il €
J C
0 C HATTELE 2
J
n 0. 255827 H

FESNS WITH THE 2CME LETTER ARE MOT SICUIFICANTLY DMFFERENT,

ALPHA LEVEL=, (T =5 15=0, TASEEL
GROLPING 2N N oY
A 1, 332481 LY
B 0443729 2 1

MESNS NWITH THE (5%€ LETTER S38 65T SIGNIFICANTLY DIFFZRENT.

ALPHY LE 2Lz, 08 R Iim), 2542
RPN rEAN N X
3 727 5 H
A
4 2.595943 b 3
§ 1,:3%787 4 7
B
y B 0.5%41017 5 5
: #
v F 4,550:30 b 1
[ 8
< I f,51240 s 5
L E o5
; vog AR & &
¢ LI
T BOG 0, TEFRIR £ z
: h]
N h 031708 s
: 2
v B 0,121049 5 s
I ¥
. ¢ 0, 234049 % N
i &
Y ] 0, 1371602 & 2
b
r 2,417 i
n
r 0 1TES ¢ 2
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Figure D.5-1.

Locations of sampling areas and transects for biological
sampling in the vicinity of R.P. Smith power station
(from Ref. 2).
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APPENDIX D.6. WINTER FINFISH SURVEY

(MDNR)

D.6-1. Objective

To evaluate the impact of heated discharge from
the R.P. Smith SES on the winter finfish community
in the vicinity of the plant.

D.6-2. Data Source
Ref. 9.
D.6-3. Study History
Sampling was conducted during February and March
1979.
D.6-4. Sampling Methods

Winter finfish sampling was conducted on two dates
(February 23 and March 16) in the winter of 1979.
Electroshock sampling, using a 240-volt AC generator,
was conducted at three transects with two stations
(opposite banks) at each transect. Transect 1 extended
approximately 400 feet downstream of the R.P. Smith
discharge outlet, Transect 2 was approximately 1,300
feet downstream, and Transect 3 was approximately
4,000 feet downstream. The designations MD (Maryland)
and WVA (West Virginia) refer to the specific shore-
line sampled. A fifteen-minute sampling run was
conducted at each station. Ten randomly selected
representatives of each species (all specimens if less
than ten were present) were measured and weighed. All
specimens were counted. In addition, dissoclved oxygen
and water temperature were measured at each station
on each date.,

D.6~-5. Analxses

° Total catch and mean length and mean weight by
species were listed for each station.

® The Bray-Curtis Index of sample similarity was com-
puted and a cluster analysis of these similarity
indices was done by Energy Impact Associates
(Appendix D.2) for the February 23, 1979 samples.

® The Mann-Whitney Test was used to determine poten-

tial differences in total catch among stations
(Appendix D.2).
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D.6-6, Results

The R.P. Smith heated discharge attracted fish on
both sampling dates though the phenomenon was
more pronounced in February (Table D,6-1;

Tables D,2-19, D.2-20, and Figure D.2-4).

® Most species collected were rough and/or forage
species. Few sport fish were collected
(Table Do 6_1:' .

® Random inspection of fish taken from the dis-
charge area indicated no evidence of early gonad
maturation.

D.6-7. Significance and Critique of Findings

[ ) Resident finfish species are attracted to the
R.P. Smith discharge in winter months and the
potential for mortalities due to cold-shock,
in the event of plant shutdown, exists.

[ No analyses were completed by MDNR on catches,

mean lengths, or mean weights, but it appears
that all species present in winter months are
attracted to the plume. No differences in mean
length or weight are apparent for species col-
lected in both heated and non-heated areas.
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APPENDIX D.7. FINFISH CONDITION STUDY -
SUMMER 1979 AND WINTER 1980

(TI)

Objective

To determine the effects of the R.P. Smith Steam
Electric Station thermal plume on the weight-length
relationships of six selected finfish species (spotfin
shiner, golden redhorse, channel catfish, redbreast
sunfish, smallmouth bass, and carp).

Data Source

Ref. 2.

Study History

Samples were collected on three nonconsecutive
dates between July 25 to August 8, 1979 and on six
nonconsecutive dates between January 15 to 28, 1980.

Sampling Methods

e Six sampling transects (Figure D.7-1) were
established in the study area; three within the
plume generated by the R.P. Smith power station
[outfall test(T3), intermediate plume test (T4),
and farfield plume test (T5)] and three outside
the plume {[two upstream (Tl and T2) and one down-
stream (T8}]. Two stations were established on
opposite sides of the river at each transect for
comparative purposes. The Maryland side of the
Potomac River is considered the right shore or
bank; the West Virginia side, the left shore or
bank.

° Finfish were sampled on 3 nonconsecutive days

during the summer of 1979 f(July 25 - August 8) and
6 nonconsecutive days during the winter of 1980
(January 15 = 28).

°® Transects 1 through 5 and 8 were sampled during

the summer of 1979 and transects 1 through 7 dur-
ing the winter of 1980.

® Finfish were collected along a 300-foot run at

each station with a pulse dc, boat-mounted electro-
fishing unit. Each 300-foot run was considered
one unit of effort.
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e Beach seine collections were made along both
shores during the summer of 1979 and winter of
1980. All samples were collected with a 6 x 6
ft, 1/8-in. bar mesh bag seine in areas free
from underwater obstructions. At each station,
seining consisted of one onshore haul; each haul
was considered as one unit of effort.

[ Six Representative Important Species (RIS) were
selected for detailed analysis: channel catfish,
golden redhorse, spotfin shiner, redbreast sun-
fish, smallmouth bass, and carp. Total length
{millimeters) and weight (grams) of each fish were

measured for up to 25 individuals per species per
catch.

® At each sampling location, temperature (C),
dissolved oxygen concentration (milligrams per

liter), and stream flow (meters per second) were
recorded.

D.7=5. Analysis

e Length and weight data for individuals of the
selected species were grouped by location of
capture. Length-wise relationships for each tar-
get species at each site (i.e., upstream control,
affected region, downstream control) were cal-
culated from the logarithms (base 10) of the
lengths and weights using the equation:

log W =24 + B log (T6)

where
W = weight in grams
A and B = empirically derived constants
TL = total length in mm.
. Condition factors (K) were also calculated for

these same groups of fish by length class using
the equation

5
- W x 10
K(rn) = 3

where

=
]

weight in grams

L = total length in millimeters.
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Levene's test was used to test the equality of
variances among sites.

If the variances were homogeneous, an ANCOVA test
for common slopes (b) across sites was implemented.
When the variances were heterogeneous, inferences
were restricted. However, the tests for common
slopes were made and only the extremely large or
small probability values were used in rejecting

or accepting the hypothesis of common slopes.

Results

Temperatures observed during electrofishing are
shown in Tables D.7-1 and D.7-2.

Golden redhorse collected by electrofishing within
the study area ranged in total length from approx-
imately 121 to 500 mm. The average total lengths
of fish collected within the upstream and down-
stream control areas during both summer and winter
were larger than those collected in the thermally
affected area (Table D.7-3). Condition factors
(K) for fish captured by seine were similar among
sites (Table D.7-3).

Covariance analyses comparing the allowable equa-
tions for golden redhorse among sites in summer
revealed that the slopes were significantly dif-
ferent (P < 0.05, Table D.7-4} indicating that
golden redhorse in the control area weighed more
for a given length than golden redhorse from the
thermally affected area.

During winter, weight-length relationships for
golden redhorse among the three sites -- upstream
control, thermally affected area, and downstream
control (Transects 6 and 7) —-- were not signifi-
cantly different (Table D.7-=5).

The total length range of spotfin shiner in the up-
stream control and in the thermally affected areas
were similar (Table D.7-6). During winter, average
total length of spotfin shiner was greatest in the
upstream control area. Average lengths between up-
stream control and thermally affected areas appeared
to be similar during summer. Condition factors

for both summer and winter appeared to be similar.

Comparison of spotfin shiner growth relationships
between upstream control and thermally affected
areas (Table D.7-7) showed homogeneous variability
between sites in summer. Growth relationships
were similar among sites.
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The weight-length relationships for spotfin shiner
sampled in winter from upstream and downstream
control sites and the area influenced by the ther-~
mal discharge had unequal variances and, therefore,
could not be statistically compared (Table D.7-8).

Condition factors (K) for smallmouth bass were
similar among sites for both summer and winter
(Table D.7-9).

Weight relationships calculated for smallmouth bass
were of limited value due to the low numbers of
fish collected. No significant differences (Tables
D.7-10 and D.7-11) were observed.

Average total lengths of redbreast sunfish were
similar among sites that could be compared during
summer and winter. The condition factor was higher
for the upstream control than for the thermally
affected area during summer and higher for the
thermally affected area than for the downstream
control during winter (Table D.7-12).

Covariance analyses showed weight-length relation-
ships for redbreast sunfish specimens were similar
in summer and winter (Tables D.7-13 and D.7-14).

Mean total lengths of channel catfish in the
upstream control area were higher than those from
the thermally affected areas for both summer and
winter (Table D.7-15).

The weight-length relationships (summer) for channel
catfish between the upstream control and thermally
affected sites were not significantly different
(Table D.7-16).

Condition factors (K) for carp were larger during
summer at the thermally influenced site than at the
control site. During winter, condition factors
were highest for carp collected at the downstream
control area and lowest at the upstream control
{Table D.7-17). Mean lengths were smallest for
carp collected within the thermally influenced

area and largest for fish from either upstream or
downstream control areas.

Weight-length relationships for carp during winter
were significantly different at the three sites
(Table D.7-18). Because only a few carp, covering
a small range of length, were used for the down-
stream regression, small sample size, rather than
any effects due to thermal influence, probably
was the reason the equations were significantly
different.
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Significance and Critique of Findings ;

Since stations f[unheated (West Virginia shore)
and heated (Maryland shore)] within thermally
affected transects (Transects 3, 4, 5, and 8)
were pooled, it is difficult to conclude whether
the difference in regressions was due to the
thermal discharge or to habitat differences be-
tween transects. Only significant differences
showing decreased condition at the thermally
affected site indicate a viable conclusion.
Because of cross-stream data lumping, the lack of
significant differences among sites does not con-
clusively mean no effect due to the thermal dis-
charge.

In addition, because transects were lumped, these
analyses do not represent a conclusive indication
of the effect of AT levels on finfish condition.

Golden redhorse condition appears to be adversely
affected by the thermal discharge.
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Martin Marietta Environmental Center

Table D.7-3. Condition factor (K} and frequency distribution of selected

species caught in the vicinity of R.P. Smith plant.

GEARSELECTROFISHING

RANGEMIMN RAHGEMAX SUMMER_K SUT_FREQ

SITE=UPSTREAM CONTROL

SPECIES=GOLDEN REDHORSE
WINTER X WIH_FREG

41 50 ¢.8 1.0 . .
121 130 1.1 1.0 . .
141 150 1.2 l.¢ . -
151 160 1.2 1.¢ . B
181 190 0.7 1.0 . .
231 240 1.2 1.0 . .
251 250 1.0 5.0 . .
251 270 1.2 1.0 . .
271 250 1.0 1.0 . .
33 290 1.1 3.0 . .
291 ico 1.0 2.0 . .
301 310 1.1 3.0 . .
i1l 320 1.0 2.0 .0 1.0
n1 330 0.% 3.0 - .
331 340 1.0 4.0 0.9 2.0
341 350 1.2 1.0 1.0 2.0
351 %0 9.9 2.0 0.9 3.0
381 370 1.0 3.0 1.9 4.0
371 380 1.0 7.8 1.0 4.0
3l 390 . . 1.1 2.0
39 400 . . 6.9 2.0
41l “20 1.3 1.0 . .
431 440 8.4 1.0 . .
461 470 . B 1.2 1.0

AVERAGE 1.0 2.2 1.0 167.8
¥ HEASURED 47.0 47.0 21.8 2i.0

GEAR=ELECTROFISHING  SITE=THERMALLY AFFECTED AREA  SPECIZS=GOLOEH REDHORSE

RANGEMIN RANGEMAX SUrHER_X SUM_FREG WINTER_K WIN_FREQ

131 140 1.1 1.0 . .
14t 150 1.1 1.0 . .
151 160 1.2 3.0 . .
151 170 1.1 5.0 1.2 1.0
m 180 1.1 2.0 . N
191 200 . . 1.2 1.0
I 240 1.0 2.0 . .
261 250 1.0 6.0 1.3 4.0
251 240 1.0 7.0 . .
281 270 1.0 8.0 1.0 2.0
271 280 1.0 4.0 1.1 4.0
281 250 1.0 7.0 1.1 11.0
291 300 1.0 9.0 1.0 15.0
30L 310 1.0 &.0 1.1 1z2.0
311 329 1.0 10.0 1.0 26.0
321 330 6.9 7.0 1.0 18.0
331 40 1.0 19.0 1.0 17.90
341 350 0.9 19.0 1.0 1.0
351 369 0.9 10.0 1.0 16.0
381 370 0.9 15.9 1.0 18.9
371 350 e.9 7.0 1.0 11.0
11 350 9.9 11.0 1.1 %.0
351 4co 0.9 4.0 0.9 10.0
491 410 0.8 3.0 1.2 5.0
411 420 . . 1.3 3.0
421 430 1.1 1.0 . .
%31 440 0.8 z.0 1.0 1.0
431 450 1.1 4.3 . .
451 500 0.7 1.0 . .

AvERAGE 1.9 324.0 1.0 318.8

& mmasuRen 174.0 174.0 202.0 202.0

GEARSELECTROFISHING  SITE:DOWNSTREAM CONTROL  SPECIESIGOLOEN REDHORSE
RARGEMIN RARGEMAX SUMER_K SM_FREQ WINTER_K KIN_FREQ
1 200 . . 1.0 1.0
251 260 . . 1.1 1.0
281 290 . . 1.2 1.0
311 320 . . 1.1 2.9
121 330 . . 1.2 7.0
¥ 340 . . 1.0 14.0
341 350 . . 1.0 8.0
52 340 . . 1.0 8.0
361 70 . . 1.0 19.0
371 380 . . 1.0 1¢.0
3a1 350 . . 1.0 7.0
391 400 . . 0.9 3.0
«01 419 . . 0.9 1.¢
411 420 . . 1.0 1.0
431 440 . . 1.2 1.0
4%l 450 . . 1.3 1.0
471 480 - . 1.0 1.0
AVERAGE . . 1.0 387.5
# HEASURED . . 85.0 840
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Martin Marietta Environmental Center

Table D.7-6. Condition factor (K) and frequency distribution of spotfin

shiner caught in the vicinity of R.P. Smith plant (from Ref. 2).

GEAR=SEINES

SITE=UPSTREAM CONTROL

SPECIES=SPOTFIN SHINER

RANGEHIN

RANGEMAX SUNHER_K SUM_FREQ WINTER_K HWIN_FREQ
11 20 . . l.2 1.0
21 30 0.7 2.0 0.7 23.0
Il 40 0.6 6.0 0.6 57.0
41 £0 0.7 £9.0 0.7 43.0
51 60 0.9 23.0 0.7 36.0
61 70 0.9 15.0 ¢.6 6.0
71 80 1.0 9.0 - .
8l %0 1.1 4.0 . .
AVERAGE 0.8 53.6 0.7 41.%
# MEASURED 95.0 98.0 166.0 166.0

GEAR=SEINES

SITESTHERMALL'Y AFFECTED AREA

SPECIES=SPOTFIN SMINER

RANGEMIN RARGEMAX SUIMER_K SUM_FREG WINTER_K WIN_FREQ
11 20 2.4 1.0 . .
2l 30 0.6 4.0 e.7 11.0
31 49 0.6 1.0 0.7 17.0
a1 50 0.7 59.0 9.6 11.0
51 60 0.7 l00.0 0.6 3.0
61 70 0.9 36.0 0.6 2.0
71 ao 0.9 15.0 . -
al 90 1.1 1.0 . .

AVERAGE 0.3 55.3 0.7 38.8

# MEASURED 217.9 217.0 4.0 44.0

GEAR=SEINES

SITE=DOWNS REAM CONTROL

SPECIES=SPOTFIN SHIMER

RANGEMIN RANGEMAX SUMMER_K SUM_FREQ WINTER_K WIN_FREQ
11 20 . . 1.4 2.0
21 30 . . 0.7 491.90
31 40 . . 0.5 54.0
41 59 . . 9.5 6.0
61 70 . 0.6 1.¢
71 &0 “ . 0.7 1.2

AVERAGE . . 0.6 32.4

# MEASURED . . 105.0 i05.0
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Martin Marietta Environmental Center

Table D.7-9. Condition factor (K) and frequency distribution of smallmouth
bass caught in the vicinity of R.P. Smith plant (from Ref. 2),

GEAR=ELECTROFISHING  SITESUPSTREAM CONTROL  SPECIES=SMALLMOUTH BASS

RANGEMIN RANGEMAX  SUMMER_K  SUM_FREQ  WINTER_K  WIN_FREQ
131 160 1.4 1.0 . .
141 150 0.8 1.0 . .
17 180 0.9 1.0 . .
221 236 1.6 1.0 . .
341 350 . . 1.3 1.0

AVERAGE 1.2 i71.5 1.3 342.0

# MEASURED 4.0 4.0 1.0 1.0

GEAR=ELECTROFISHING  SITE=THERMALLY AFFECTED AREA  SPECIES=SMALLMOUTH BASS

RANGEMIN RANGEMAX SUMMER_K SUM_FREQ HINTER_K WIN_FREQ
41 50 1.3 l.0 . .
71 80 . - 1.4 1.0
a1 S0 . . 6.9 1.0
1 120 1.1 1.0 . .
121 130 1.1 1.2 . .
171 140 1.1 3.0 . .
14 150 0.9 1.0 . .
151 10 1.2 2.0 0.0 1.0
161 170 1.0 2.0 . .
171 180 l.0 1.0 1.5 1.0
181 igo 1.l 3.0 . .
171 200 1.1 2.0 . .
201 2io 1.1 1.0 1.2 2.0
221 230 1.2 1.0 . .
231 240 1.2 1.¢ 1.2 2.0
24l 250 . . 1 1.0
251 . 260 . . 1.2 5.0
261 270 . . 1.2 1.0
7 280 . . 1.3 3.0
451 499 0.8 1.0 . .
AVERAGE 1.1 178.2 1.2 221.2
# MEASURED 21.0 21.0 18.0 1s8.0

GEAR=ELECTROFISHING SITE=DOWNSTREAM CONTROL SPECISS=SMALLMOUTH BASS

RANGENMIN RANGEHAX SUMMER_XK SUi1_FREQ HINTER_K WIK_FREQ

61 70 . . 1.0 1.0

121 130 . . 0.7 1.0

261 270 . . 1.2 1.0

341 350 . . 1.2 1.0

41l 420 . . 1.5 1.0
AVERAGE . . 1.1 243.6
# MEASURED . . 5.0 5.0
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